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ABSTRACT
This study investigated the microbiological quality of cakes and pastries sold directly to the consumers in 
Skopje, Macedonia. Sampling took place in 16 sampling points (bakeries, confectioneries) with total number of 70 
samples being investigated. All the samples were tested for S. aureus, Enterobacteriaceae, aerobic colony count, 
E.coli, Salmonella spp. and Listeria monocytogenes. 
The samples were tested in the Food microbiology laboratory at the Faculty of veterinary medicine in Skopje us-
ing standard methods accredited by the Macedonian Institute for Accreditation.
Results were interpreted according to the Guidelines for the Interpretation of Results of Microbiological Analysis 
of Some Ready-To-Eat Foods Placed on the Market (HPA, UK).
After the analysis of the results the following data was obtained:
S.aureus: 68.57% (n= 48) of the samples were satisfactory, 31.42% (n=22) were acceptable and 0.0% (n=0) 
were unsatisfactory;
Enterobacteriaceae: 60.0% (n= 42) of the samples were satisfactory, 40.0% (n=28) were acceptable and 0.0% 
(n=0) were unsatisfactory;
Aerobic colony count: 51.42% (n= 36) of the samples were satisfactory, 45.71 (n=32) were acceptable and 
2.85% (n= 2) were unsatisfactory;
Salmonella spp., Listeria monocytogenes and E.coli: None of these microorganisms were detected in the samples 
taken.
High levels of ACC, Enterobacteriaceae and S. aureus reﬂ  ect unsatisfactory hygienic practice during processing 
of food from source to table. This often indicate contaminated raw materials or unsatisfactory processing and 
unsuitable time/temperature control during storage. The established level of acceptable and unsatisfactory results 
highlight the need for targeted inspection and education program in order to address the potential food safety risk 
from hygienic practice issues.
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INTRODUCTION
“Ready-to-eat food” – food intended by the 
producer or the manufacturer for direct human con-
sumption without the need for cooking or other pro-
cessing effective to eliminate or reduce to an accept-
able level microorganisms of concern (1). 
RTE foods can support the growth of pathogenic 
bacteria and therefore high level of hygiene must be 
maintained through the production process, the raw 
materials used must be free of microbial hazards 
and certain temperatures must be kept to minimize 
the growth of any pathogens that may be present in 
the food or to prevent the formation of toxins in the 
food. There is a wide variety of ready-to-eat foods. In 
this study the microbiological quality of some types 
of ready-to-eat foods was evaluated. This research 
was concentrated on cakes, desserts and pastries 
with ﬁ  llings and toppings sold directly to the con-
sumers from specialized shops. For the microbio-
logical evaluation of this foodstuffs the “Guidelines 
for the Interpretation of Results of Microbiological 
Analysis of Some Ready-To-Eat Foods Placed on 
the Market” from the UK Health Protection Agency 
(2) was used. 
In this study the following tests on ready-to-eat 
foods were performed: 
Aerobic colony count -  , also known as a standard 
plate count is used as a general indication of the 
microbiological quality of a food and the result 
does not differentiate between the natural micro-
ﬂ  ora of a food, spoilage microorganisms, organ-
isms added to fermented foods or pathogenic 
microorganism. Therefore it can not be used to 
predict the safety of the product. Depending on 
the product, a high standard plate count may in-
dicate that the product may have been prepared 
unhygienically or stored inappropriately. 
Indicator organisms -  . In this group the tests con-
sisted of detection and enumeration of Enter-
obacteriaceae and E. coli. They are commonly 
used as an indicator of faecal and cross-contam-
ination. Process failure, poor hygiene and sani-
tation or post process contamination by equip-
ment, personnel or raw materials are possible 
causes for the presence of this two indicator 
organisms.
Pathogen microorganisms -  . In this group the tests 
consisted of detection and enumeration of S. au-
reus and Listeria monocytogenes and detection 
of Salmonella spp. Their presence in ready-to-
eat foods may be a result of undercooking, poor 
handling practices and cross contamination. S. 
aureus is commonly associated with the skin, 
nose and throat of healthy individuals. Under 
suitable conditions and possible temperature 
abuse this organism can multiple to dangerous 
levels. Listeria monocytogenes is an important 
food-borne pathogen which has  common oc-
currence in a variety of foods and the exclusive 
resistance of the microorganism to low tempera-
tures, low pH and high concentrations of sodium 
chloride is responsible for its long-time survival 
in foodstuffs. Salmonella species are enteric 
bacteria and can be found in the intestinal tract 
of animals but are a major pathogen with a well 
known history of food poisonings. 
 
 MATERIALS  AND  METHODS
Sampling took place during August, Septem-
ber and October of 2009. A total of 70 samples of 
cakes, desserts and pastries from 16 sampling points 
in Skopje, Macedonia were collected for examina-
tion. The samples were collected in sterile plastic 
bags and transported to the laboratory in boxes 
containing ice. All the samples were processed for 
microbiological  analysis within 6 h of collection. 
The samples were tested in the Food Microbiology 
Laboratory at the Faculty of veterinary medicine in 
Skopje using standard accredited methods. Samples 
were tested for the presence of S. aureus, Enterobac-
teriaceae, aerobic colony count, E.coli, Salmonella 
spp. and Listeria monocytogenes (3,4,5,6,7,8,9).
RESULTS
Obtained results were interpreted according to 
the Guidelines for the Interpretation of Results of 
Microbiological Analysis of Some Ready-To-Eat 
Foods Placed on the Market (HPA, UK).
After the analysis of the results the following 
data was obtained:
-  S.aureus: 68.57% (n= 48) of the samples were 
satisfactory, 31.42% (n=22) were acceptable and 
0.0% (n=0) were unsatisfactory;
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-  Enterobacteriaceae: 60.0% (n= 42) of the sam-
ples were satisfactory, 40.0% (n=28) were ac-
ceptable and 0.0% (n=0) were unsatisfactory;
-  Aerobic colony count: 51.42% (n= 36) of the 
samples were satisfactory, 45.71 (n=32) were 
acceptable and 2.85% (n= 2) were unsatisfac-
tory;
-  Salmonella spp., Listeria monocytogenes and 
E.coli: None of these microorganisms were de-
tected in the samples taken.
No. ANALYSED PARAMETER SATISFACTORY BORDERLINE UNSATISFACTORY
1 Aerobic colony count
< 105 105 – 107 > 107
36 samples (51.42%) 32 samples (45.71%) 2 samples     (2.85%)
2 Enterobacteriaceae
< 102 102 - 104 > 104
42 samples (60.0%) 28 samples (48.0%) 0 samples (0.0%)
3 Escherichia coli
< 20 cfu / gr 20 – 102 > 102
70 samples (100%) 0 samples (0.0%) 0 samples (0.0%)
4 Staphylococcus aureus
< 20 cfu / gr 20 - 104 > 104
48 samples (68.57%) 22 samples (31.42%) 0 samples (0.0%)
5 Listeria monocytogenes
< 10 cfu / gr 10 – 102 > 102
70 samples (100%) 0 samples (0.0%) 0 samples (0.0%)
6 Salmonella spp.
Not detected in 25 gr.
N/A
Detected in 25 gr.
70 samples 
(100%)
0 samples 
(0.0%)
DISCUSSION
This is ﬁ  rst time that this kind of survey is under-
taken in Republic of Macedonia. The author’s idea 
was to acquire data and to disseminate it correctly, 
primarily to the food microbiologists, food examin-
ers, public health organizations and local authority 
enforcement ofﬁ  cers.
This study showed that the majority (97.15%) 
of ready-to-eat foods sampled at specialized shops 
in Skopje municipality were of satisfactory or ac-
ceptable microbiological quality. Only 2 samples 
(2.85%) were of unsatisfactory quality because of 
high aerobic colony count. A high aerobic colony 
count alone does not make food unsafe but it does 
Table 1. Categorised results of the analysis and their interpretation 
suggest non-hygienic handling, poor storage, inad-
equate general hygiene during processing and/or 
poor quality raw materials. 
Regarding the borderline (acceptable) results 
obtained for Enterobacteriaceae (28 samples - 
48.0%) and S.aureus (22 samples - 31.42%) it must 
be pointed that they demand further attention in the 
future because any deterioration or incident in the 
production process will allow the transition in the 
area of unsatisfactory results. 
Foods prepared in these shops are at higher risk 
of contamination and the factors that can lead to 
contamination are that this products are: 
•     handled following cooking, i.e. to ice or ﬁ  ll 
products; 
•    made of ingredients that allow growth of bacte-
ria, such as cream, toppings and custard; 
•   ﬁ  lled using single use piping bags that are re-
used; 
•     often left unrefrigerated for long periods of 
time; 
•     manufactured in premises where Salmonella 
contaminated eggs are not properly separated 
from ready-to-eat products; 
•    use of non-purpose built premises.
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CONCLUSIONS
High levels of aerobic colony count, Enter-
obacteriaceae and S. aureus reﬂ  ect unsatisfactory 
hygienic practice during processing of food from 
source to table. This often indicate contaminated 
raw materials or unsatisfactory processing and un-
suitable time/temperature control during storage. 
The established level of acceptable and unsat-
isfactory results highlight the need for targeted in-
spection and education program in order to address 
the potential food safety risk from hygienic practice 
issues.
Also, the surveillance data collected through 
research papers and targeted analysis can provide 
information about the food items carrying a high 
risk of transmitting food-borne pathogens. With this 
information, education can be carried out through 
published recommendations and specialized train-
ings. Furthermore, the accent must be made on the 
industrial hygiene, the optimal preparation of food 
items, elimination of the pathogen microoorganisms 
from food and more frequent screening for the mi-
crobes.
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